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ing by ElAbstract Objective: To evaluate the performance of multi-detector row helical computed tomogra-
phy (MDCT)with oral and intravenous contrast material and ultrasound in depiction of appendicitis.
Patients and methods: Sixty three patients (35 female and 28 male patients) aged 16–81 years (mean,
38 years) who presented with right lower quadrant pain and 2 with upper quadrant pain who were
suspected of having acute appendicitis underwent both US and enhanced multi-detector row CT of
the entire abdomen and pelvis.
The examinations were performed within 1–2 h of each other. Data from both the US and CT were
compared, and the deﬁnite diagnosis was established with surgical ﬁndings and results of clinical fol-
low-up as the reference standard. Comparisons were made for the patient’s age and sex.
Results: Thirty seven (out of 63) patients had deﬁnite appendicitis. The sensitivity, speciﬁcity, posi-
tive and negative predictive values were superior forMDCT over that of US. The frequency of incon-
clusive examinations was signiﬁcantly higher with US than with CT, regardless of radiologist
experience.
Conclusion: The results of this study suggest that the diagnostic value of MDCT is relatively higher
than that of US in the detection of acute appendicitis regardless of patient sex and age.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Appendicitis is a common and urgent surgical illness with
protean manifestations, generous overlap with other clinical
syndromes, and signiﬁcant morbidity, which increases with
diagnostic delay. No single sign, symptom, or diagnostic test
can accurately conﬁrm the diagnosis of appendiceal inﬂam-
mation in all cases (1).
The surgeon’s goals are to evaluate a relatively small
population of patients referred for suspected appendicitis and
to minimize the negative appendectomy rate without increasing
the incidence of perforation. The emergency department clini-
cian must evaluate the larger group of patients who present to
140 E.A. Elghany, G.G. Alithe ED with abdominal pain of all etiologies with the goal of
approaching 100% sensitivity for the diagnosis in a time, cost,
and consultation-efﬁcient manner (1).
The average accuracy of a clinical diagnosis of acute
appendicitis is 80% (2,3). Ultrasonography (US) and com-
puted tomography (CT) are being used to improve the
diagnostic performance and establish an alternative diagnosis
of diseases that may mimic acute appendicitis (4–6).
Multi-detector row helical CT enables an extensive area to
be scanned with a small section thickness in a short time,
resulting in excellent spatial resolution (7,8). Thus, the purpose
of our study was to evaluate the performance of multi-detector
row CT with oral and intravenous contrast material and
ultrasound examination for the depiction of appendicitis.
2. Patients and methods
2.1. Patients
Patients seen in the emergency department of our hospital
zbetween 2009 and 2010 had presenting symptoms of acute
right lower quadrant abdominal pain as well as some with
upper quadrant pain. The emergency department physician
recommended they undergo a MDCT and US examination
to evaluate for the detection of acute appendicitis. Patients
who previously underwent appendectomy and those in whom
pregnancy was possible were excluded. The study group con-
sisted of 63 patients (35 female and 28 male patients; age
range, 16–81 years; mean age, 38 years).
2.2. US examination
Gray-scale US of the entire abdomen including the pelvis was
performed in all patients by an expert radiologist using a 3.75-
MHz convex-array transducer (Power Vision 8000; Toshiba
Medical Systems, Tokyo, Japan). The right iliac fossa was
examined with an 8-MHz linear-array transducer with use of
the graded compression technique. Color Doppler US of the
appendix was performed after completion of the gray-scale
US examination to search for hyperemia within the appendix
wall. While performing the US examination, we recorded
whether the appendix was visible and, if so, its outer transverse
diameter was measured as appendicitis was diagnosed when
the diameter is more than 6 mm and the wall thickness is more
than the adjacent colon (9). In addition, the following ﬁndings
were observed as present or absent (Figs. 1, 2, 4 and 5): (a)
zdilated appendzix, (b) lack of compressibility of the appendix,
(c) hyperemia within the appendiceal wall at color Doppler
US, (d) appendicolith, (e) pericecal ﬂuid, (f) hyperechoic peri-
appendiceal tissue, (g) abscess, and (h) maximal tenderness at
the site of the appendix. These ﬁndings were considered as pos-
sible positive criteria for acute appendicitis.
The radiologist also searched for the ﬁve speciﬁc ﬁndings
indicative of perforated appendicitis which are (1) defect in
enhancing appendiceal wall (that was characterized by an
interruption in the enhancement of the appendiceal wall. This
sign was judged to be positive only when it was unequivocal
and was considered negative when it was difﬁcult to judge),
(2) abscess, (3) phlegmon, (4) extra luminal air, and (5) extra
luminal appendicolith (10). Each patient was assigned to either
a perforated group or nonperforated group on the basis ofzsurgical and pathologic ﬁndings. Sensitivity and speciﬁcity
of the speciﬁc ﬁndings in the diagnosis of perforated appendi-
citis were evaluated.
2.3. MDCT examination
For MDCT, patients were examined while in the supine posi-
tion by using a commercially available scanner with 16 detec-
tor rows (Somatom Plus Volume Zoom; Siemens Medical
Systems, Forchheim, Germany). A frontal 512-mm scout view
was ﬁrst obtained with 120 kVp and 50 mA. This was followed
by helical scanning from the top of the liver to the symphysis
pubis with 4 · 2.5-mm collimation, 120 kVp and 100 mAs
(effective). The table feed was 15 mm per 0.5 s of scanner rota-
tion (30 mm/s), resulting in a pitch of 1.5:1. From the raw data
of the acquisition, 3-mm-thick transverse sections were recon-
structed with 1.5-mm increments.
Immediately after multi-detector row CT, a radiologist read
the enhanced images at a clinical workstation with three-
dimensional capabilities (Wizard; Siemens Medical Systems).
We record whether the appendix was visible, measure its outer
transverse diameter (if seen), and code the following ﬁndings
as present or absent: (a) gas in the appendiceal lumen, (b)
appendicolith, (c) periappendiceal fat stranding, (d) cecal wall
thickening, and (e) abscess or phlegmon in the right iliac fossa.
The presence of gas in the appendiceal lumen was considered
as a possible negative criterion for acute appendicitis, whereas
the other ﬁndings were considered as positive criteria. After
separately coding each ﬁnding, the radiologist proposed an
overall diagnosis of acute appendicitis or an alternative disease
that could explain the patient’s acute abdominal pain.
2.4. Statistical analysis
Images were independently and blindly reviewed by 2 expert
radiologists with documentation of the interobserver agree-
ment and variability as calculated by Kappa test.
Statistical analysis was done using statistical soft ware
(SPSS version 13). For each imaging technique, the sensitivity,
speciﬁcity, positive predictive value and negative predictive
zvalue were calculated for the overall diagnosis of acute appen-
dicitis and for perforated appendicitis separately. Statistical
signiﬁcance was set at a probability (P value) that was consid-
ered signiﬁcant when P< 0.05 and non signiﬁcant when
P> 0.05.
3. Results
Sixty three patients with right lower quadrant pain or upper
quadrant pain were examined in our department. Thirty se-
ven of them (20 female and 17 male patients) aged 17–
81 years (mean, 36 years) were diagnosed as having
appendicitis.
Acute appendicitis was diagnosed in 37 patients, and this
was conﬁrmed with pathological examinations of the surgical
specimens and clinical follow up of the patients as a reference
gold standard (Figs. 1–5).
There was no statistically signiﬁcant difference regarding
the patient age (P= 0.761) or sex (P= 0.657).
Acute appendicitis was presented in this study in several
radiological pictures as detected in Table 3 and Figs. 1–5.
Figure 1 (a) Axial and (b) coronal MDCT reconstructed images with oral and intravenous contrast with (c) the corresponding US image
in a patient presented with right lower quadrant pain, the images showed distended lumen of the appendix with thickened wall. It was
traced well from its cecal origin as seen in coronal image denoting appendicitis.
Figure 2 (a) Axial, (b) coronal and (c) sagittal reconstructed MDCT images with oral and intravenous contrast showed distended and
thickened wall appendix with surrounding inﬂammatory inﬁlteration giving the picture of an appendicular inﬂammatory mass. (d) The
corresponding US examination showed distended non compressible appendix with an echogenic inﬂamed surrounding fat.
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appendicitis between radiologist 1 and radiologist 2 according
to K values were considered not signiﬁcantly variable as they
were nearly of the same experience.
Twenty six patients (17 female and 9 male patients) had
various alternative diagnoses like acute cholecystitis, cecal
volvulous while others had non-speciﬁc abdominal pain and
their symptoms could not be elucidated with any diagnostic
modality and were resolved without any speciﬁc treatment.
For all patients with acute appendicitis, the surgical and
pathologic diagnoses combined formed the reference standard
used to determine the presence of appendicitis. The sensitivities
and speciﬁcities of individual CT and US ﬁndings were calcu-
lated (Table 2). A comprehensive CT and US score was calcu-
lated as the number of imaging ﬁndings present (from 0 to 5)
according to the signs listed in the material and methods(Table 1). This was used as the summary measure for each pa-
tient, For example, a patient with dilated appendix and periap-
pendiceal ﬂuid was assigned a score of 2 (Tables 1 and 2).
The speciﬁc ﬁndings indicative of perforated appendicitis
(defect in enhancing appendiceal wall, abscess, phlegmon,
extra luminal air, and extra luminal appendicolith) (10) for
each patient was assigned to either a perforated group or
non perforated group on the basis of surgical and pathologic
ﬁndings. Sensitivity and speciﬁcity of US and MDCT in the
diagnosis of perforated appendicitis were evaluated separately
as listed in Table 4.
Five patients were diagnosed as perforated appendicitis by
MDCT while two of them were missed on US examination
that was not conclusive as they were diagnosed as acute
appendicitis only without any evidence of perforation
(Fig. 3).
Figure 5 (a) Axial, (b) coronal and (c) sagittal reconstructed MDCT images with oral and intravenous contrast in a patient with
clinically suspected appendicitis showed distended appendix with thickened enhancing appendiceal wall (phlegmon).
Figure 4 (a) Axial and (b) sagittal MDCT reconstructed images. (c) The corresponding US image. All images showed the presence of
calciﬁed foci (appendicolith) and gas bubbles were seen in the lumen of the inﬂammed appendix. The appendix was traced from its cecal
origin as seen in sagittal image.
Figure 3 (a) Coronal and (b) sagittal reconstructed MDCT images showed the appendix in subhepatic region which is seen inﬂammed
with multiple gas bubbles denoting its perforation (c) The US examination showed minimal free subhepatic ﬂuid collection as well as gas
bubbles which was confusing with the duodenum at this site.
142 E.A. Elghany, G.G. AliFour patients with acute appendicitis were not diagnosed
with US as three of them were very obese and the other one
could not be seen because of the excessive amount of overlying
gases but they were diagnosed on MDCT.
Two Patients were not diagnosed on US as the appendix
was in the subhepatic region and so they were missed on US
and seen only on MDCT (Fig. 3).
There was one false positive appendicitis with US that was
found to be only appendicolith on MDCT.
There was also one false negative case with perforated
appendicitis on MDCT as described later in the discussion.The sensitivity, speciﬁcity, negative and positive predictive
values for both techniques in diagnosing all patients with acute
appendicitis were calculated as listed below in Table 5.4. Discussion
Acute appendicitis, the most frequently suspected acute
abdominal disorder in the emergency department and the most
common indication for emergency abdominal surgery is still a
difﬁcult diagnosis based on clinical and laboratory data. In
Table 1 Classiﬁcation of the patients according to their scores
in both US and MDCT techniques was listed below.
Scores Number of patients
US CT
1 5 5
2 3 4
3 8 10
4 7 9
5 3 4
Table 3 Different radiological pictures of acute appendicitis.
Varieties of appendicitis in the study Number
Acute non complicated appendicitis 21
Appendicular mass 5
Phlegmon 4
Perforated appendicitis 5
Appendicitis in abnormal position (subhepatic) 2
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testinal, urologic, or gynecologic origin make the diagnosis
even more difﬁcult (11,12). The negative laparotomy rate when
the diagnosis is based on only clinical and laboratory data
ranges from 16%to 47%, with a mean of 26%. On the other
hand, the perforation rate reaches 35% when surgery is
cdelayed (13). Imaging for the diagnosis of acute appendicitis
lowered the negative laparotomy rate to 6–10% (14). The
death rate caused by acute appendicitis is now reported to be
approximately 0.25% considering all age ranges (15,16). Con-
sequently, imaging evaluation for suspected acute appendicitis
in adult patients is increasingly requested.
Imaging of patients should be performed in addition to, not
instead of, the physical examination. Patients who clinically
have or do not have appendicitis do not need imaging for diag-
nosis. Patients with right lower quadrant pain and an equivo-
cal clinical diagnosis should be triaged to imaging examination
with US as the primary imaging modality (16).
US may be used ﬁrst in patients who are suspected of hav-
ing appendicitis, but US examination with negative ﬁndings
should not lead to a dismissal of the diagnosis. CT scans
should be used judiciously, by using scanning parameters that
are appropriate for patient size, and should be optimized for
diagnosis with a single pass, additional passes are additional
examinations, which are typically unnecessary. As radiologists,
radiation protection is one of our primary concerns, as we also
ensure that each patient receives the most accurate examina-
tion for the clinical problem. Radiation exposure is reduced
by judicious and appropriate use of imaging modalities; in
our quest to reduce potential stochastic risks, unnecessary
surgery and a ruptured appendix are not the most appropriate
alternatives (16).
There are several fundamental differences between CT and
US that affect the intrinsic potential diagnostic accuracy
achieved by using each. CT is relatively operator independent
in the evaluation for appendicitis, but evaluation by using US
requires considerable skill and experience. CT is unencum-Table 2 The sensitivities and speciﬁcities of each technique for detec
to the comprehensive score were calculated as shown in table.
CT and US criteria CT
Sensitivity (%) Speciﬁcity (%
Dilated appendix 100 100
Hyperemia within the wall 98 100
Pericecal ﬂuid 100 100
Periappendiceal inﬂammatory tissue 100 100
Abscess 100 100bered by overlying gas or intervening bony pelvis. Because
US cannot penetrate through gas, the procedure requires
graded compression of the abdominal wall to disperse overly-
ing bowel gas. This is impossible when stool-containing colon
overlies the appendix, such as in retrocecal appendicitis or
deep pelvic appendicitis with overlying sigmoid, and can be
very difﬁcult to perform in young patients whose anxiety
and/or crying does not allow abdominal compression. Obesity
in older patients does not allow penetration of high frequency
beams with sufﬁcient lateral resolution to deﬁne the pertinent
detail and also prevents optimal compression (16). This was in
agreement with our results and was observed in four cases in
this study who were not diagnosed with US as three of them
were very obese and the other one could not be examined well
because of the overlying gases but they were diagnosed clearly
with MDCT.
It was observed that MDCT sensitivity is higher than that
of ultrasound in detecting appendicitis and diverticulitis in
unselected patients presenting with acute abdominal pain,
but positive predictive values are comparable. The percentage
of cases missed on ultrasound was not inﬂuenced by patient
characteristics and observer experience at large with regard
to common diagnoses. The proportion of missed acute appen-
dicitis and acute diverticulitis was signiﬁcantly lower in the
subgroup of patients in whom the radiologist could adequately
visualize the region of interest. These results indicate that
ultrasound is a good ﬁrst line technique (17).
Although both US and CT are tomographic modalities, CT
is not limited by its tomographic technique, as it is capable of
delineating a wide, sequential ﬁeld of view, unlike US which is
constrained by its ﬁeld of view and sections which are only as
sequential as intervening structures and patient cooperation
will allow. Unlike other conditions in which US is optimal,
such as gallbladder disease and pyloric stenosis, in which the
pertinent structures are reliably located at a speciﬁc site, the
location and orientation of the appendix are variable. The
appendix does not arise from the cecum at a predictable site,
but its location and length are relatively unpredictable, and
the location of the cecum itself is variable. Thus, identiﬁcationtion of each diagnostic radiological sign of appendicitis according
US Number of the patients
) Sensitivity (%) Speciﬁcity (%)
84.2 100 32
93.3 100 30
95 100 30
93 87 14
75 97 4
Table 4 Criteria for diagnosing perforated appendicitis in
both US and CT and their sensitivities and speciﬁcities were
listed below.
Criteria indicative of
perforated
appendicitis
Number of the
patients with +ve
criteria of
perforation on US
Number of the
patients with +ve
criteria of
perforation on
MDCT
Defect in enhancing
appendiceal wall
0 3
Abscess 1 1
Phlegmon 1 1
Extraluminal air 0 2
Extraluminal
appendicolith
1 1
Total sensitivity 60% 80%
Total speciﬁcity 100% 100%
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not involve the cecal pole, is much more difﬁcult with a tomo-
graphic modality that does not provide a more generalized
ﬁeld of view (16). This was observed in two patients with sub-
hepatic appendicitis in this study who were diagnosed only
with MDCT as previously reported (Fig. 3).
Multi-detector row CT with intravenous contrast material
could accurately help differentiate perforated appendicitis
from nonperforated appendicitis. Among the ﬁve speciﬁc ﬁnd-
ings (previously reported), the best diagnostic accuracy was
achieved with the ﬁnding of a defect in the enhancing appen-
diceal wall. Although the other four speciﬁc ﬁndings (abscess,
phlegmon, extraluminal appendicolith, and extraluminal air)
had high speciﬁcity, their sensitivity was low. The differences
observed in sensitivity between a defect in the enhancing
appendiceal wall and the other four speciﬁc ﬁndings may have
been because the former was direct evidence of perforation,
while the latter were indirect evidence and this was in agree-
ment with the results of (10,18). In our study, two patients with
perforated appendicitis were missed on US and diagnosed as
acute appendicitis accurately on MDCT (Table 4).
There was one false-negative diagnosis of a perforated
appendix on MDCT in our study. The exact reason for that
was unclear, but we suspect that narrowing of the appendiceal
lumen after perforation might have resulted in shrinkage and
obscuration of the defect, making detection impossible
z(Table 4).
In our study, the diagnostic performance of MDCT was
superior to that of the US as that previously reported in Table
2 in the results. In contrast to other results which suggest that
in patients suspected of having acute appendicitis, the
czperformance of US and enhanced multi-detector row CT doTable 5 Shows the sensitivity, speciﬁcity, negative and
positive predictive values for both techniques (MDCT and
US) in detection of acute appendicitis.
Performance US (%) MDCT (%)
Sensitivity 78.3 97.3
Speciﬁcity 96.3 96.3
Negative predictive value 81 96.29
Positive predictive value 100 97.3not differ in the diagnosis of acute appendicitis, regardless of
patient sex, age, or BMI (4). This was reported previously by
Poortman et al. (19) andKeyzer et al. (4), who, when comparing
the graded compression technique of US with focused
zenhanced CT, used an investigation protocol similar to ours
to reﬂect the daily practice in a general community teaching
zhospital. Poortman et al. reported no signiﬁcant difference in
sensitivity, speciﬁcity, or accuracy between these imaging tech-
niques. Similar predictive values were also reported for each
technique, although statistical signiﬁcance was not detailed.
It is traditionally believed that US is very operator depen-
dent, necessitating a high level of skill and expertise, and that
it is less accurate and rzeproducible than CT. In almost all hos-
pitals, radiologic studies are interpreted on an emergency basis
by fellows, radiology residents, and/or general radiologists;
therefore, it is important to determine whether clinical decisions
made on the basis of these images result in differences in patient
care compared with those made by body radiologists (4). Thus
previous reports investigated the potential effect of radiologist
expertise by dividing patients into groups according to the gas-
trointestinal imaging experience of the radiologist on duty. They
observed that the diagnostic performance for diagnosing acute
appendicitis (as well as alternative diseases) was not dependent
on the gastrointestinal imaging expertise of a speciﬁc radiologist,
regardless of the imaging technique used (4,10).
In addition to their performance in establishing ctrue-posi-
tive and true-negative diagnoses of appendicitis, imaging tech-
niques should also be able to reveal alternative diseases. CT is
usually believed to be more useful than US in the detection of
abdominal conditions unrelated to acute appendicitis (4). In
this study, 26 cases were diagnosed as having other conditions
mainly seen with MDCT but we did not comment on that as it
was not our point of concern.
The results of our study also show that patient sex and age
do not have a signiﬁcant inﬂuence on the performance of US
and CT in the diagnosis of appendicitis.
Our study has a limitation that if the patient did not under-
go surgery, we had no absolute conﬁrmation that he or she did
not have acute appendicitis. Because this limitation applied
equally to US and CT, there is no risk for bias in the study.
In conclusion, the results of this study suggest that the diag-
nostic performance of MDCT is relatively higher than that of
US in the detection of acute appendicitis, regardless of patient
sex and age.References
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